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Introduction

Abstract

Background: The coronavirus disease 2019 (COVID-19) exhibits the most important global
public health emergency. Montelukast (MTL), a prototype cysteinyl leukotriene receptor
antagonist, is commonly considered in the therapy of exercise- and aspirin-induced asthma.
The purpose of this study was to present a systematic review of the literature on the effectiveness
of MTL against severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and exuberant
immune activation in COVID-19 disease.

Methods: PubMed, EMBASE, Web of Science, and Cochrane Central Register of Controlled
Trials were searched from the database on August 15, 202Tand updated on November 19,
2022. Two reviewers independently screened articles, appraised methodological quality, and
extracted the data.

Results: A total of 118 related reports were recognized after eliminating duplicates. Of these,
30 references were screened based on titles and abstracts. After removing unrelated studies,
20 studies were included in the full-text review and evaluated for appropriateness. Finally,
eight studies fitting the inclusion criteria for data extraction were selected. One of them was
a prospective, randomized, controlled, and single-blinded study, three were open-label
randomized or non-randomized controlled clinical trials, two were retrospective studies, and
two were case series or comparative studies. A total of 1083 patients infected with COVID-19
infection (999 adults and 84 children) were examined on the effectiveness of MTL on symptom
severity as well as hospitalization length. The results of the mentioned studies showed a low
risk of clinical deterioration in the MTL group. In addition, the length of hospital stay was low
in the treatment group compared to the standard management.

Conclusion: MTL as a potential adjuvant therapy in COVID-19 may improve lung injury,
inflammation, and symptoms. Moreover, the use of MTL could decrease the severity and
mortality of COVID-19. Additional well-designed randomized controlled trials are necessary
to approve the role of MTL in SARS-CoV-2 prevention or COVID-19 symptoms improvement.
Keywords: Montelukast, SARS coronavirus, Respiratory diseases, Leukotriene receptor
antagonist, Inflammation

inflammatory reaction in which pro-inflammatory

On January 7, 2020, scientists promptly isolated a novel
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2)"?* which was the responsible agent for the
coronavirus disease 2019 (COVID-19) from confirmed
infected pneumonia patients and had more than 95%
homology with the bat coronavirus.*> SARS-CoV-2-
infected pneumonia is commonly displayed as bilateral
ground-glass opacities in the lung periphery on chest
computerized tomography (CT) scans.® Acute respiratory
distress syndrome (ARDS) is the main cause of death from
COVID-19.7 One of the main mechanisms for ARDS is
the cytokine storm, a phenomenon of excessive systemic

cytokines, including interleukin (IL)-1p, IL-6, IL-7, IL-10,
IL-12,1L-17,IL-1 receptor antagonist, interferon (IFN)-y,
tumor necrosis factor-alpha (TNF-a), and chemokines
(CCL2, CCL3, CCL5, CCL7, CXCL8, CXCL9, CXCL10,
and so on) are rapidly produced in large amounts in
response to SARS-CoV infection.®® Therefore, targeting
immune pathways possibly will improve respiratory
symptoms, lung function, and the overall prognosis of
SARS-CoV-2 infected patients.

Leukotrienes (LTs) are lipid mediators which stimulate
airway inflammation, bronchoconstriction, microvascular
permeability, and mucus secretion in asthma and chronic
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obstructive pulmonary disease.' Additionally, cysteinyl-
leukotrienes (CysLTs) are well-known in respiratory
medicine. Preclinical and in vitro models recommend
that the CysLTs play the main role in airway remodeling."
It seems that LTs are involved in the pathogenesis
of viral pneumonia and ARDS which are common
manifestations of COVID-19. The activation of LTs in
SARS-CoV-2 infections is associated with a high level of
pro-inflammatory cytokines and poor clinical outcomes
in patients with severe COVID-19. Thus, the inhibition
of the LT pathway could alleviate immune response,
pulmonary inflammation, and COVID-19 severity.'?
Montelukast (MTL) works as a CysLT receptor antagonist
licensed to treat asthma and allergic rhinitis.” It binds
with high affinity and selectivity to the CysLT1 receptor,
inhibits the production of reactive oxygen species and
leukotriene B4, and also prevents inflammatory cytokine
production by blocking the p38 mitogen-activated protein
kinases and NF-kB pathways."* Remarkably, MTL, a safe
drug commonly used in asthmatic patients, could be an
adjuvant in the treatment of COVID-19 either by acting
as an anti-viral drug limiting its replication in the host
cells or by improving lung injury and inflammation.*®
These promising characteristics of MTL are particularly
critical during the COVID-19 pandemic.

We have systematically reviewed the evidence from
randomized controlled trials to assess the effectiveness
of MTL in the treatment of COVID-19. Understanding
the actual benefits of this drug is clinically important for
decreasing the rate of clinical deterioration caused by
COVID-19.

Materials and Methods
This systematic review was prepared based on the
Cochrane Collaboration Handbook and Preferred
Reporting Items for Systematic Reviews and Meta-
analyses (PRISMA) statements.'® Databases such as
PubMed, Cochrane library, Scopus, Web of Sciences,
ProQuest, and Google Scholar were searched on August
15, 2021. For this purpose, the following keywords were
searched:

(((((“Leukotriene Antagonists”[Mesh]) OR (“Leukotriene
Antagonists” [Pharmacological Action])) OR (Leukotriene
Antagonist*[Text Word])) OR (“montelukast”

Word])) AND (((((((((“COVID-19"[Mesh]) OR (“SARS-
CoV-2"[Mesh])) OR (COVID-19[Text Word])) OR
(2019-nCoV|[Text Word])) OR (2019-CoV[Text Word]))
OR (Coronavirus Disease-19[Text Word])) OR (SARS
Coronavirus 2[Text Word])) OR (SARS-CoV-2 [Text
Word])) OR (SARS-nCoV-2[Text Word])). The search
strategy in all databases is attached in Supplementary file 1.

Data Collection and Analysis

Primary Endpoint

The primary endpoint used was the efficacy of MTL in
the treatment of COVID-19 symptoms and their severity.

Secondary Endpoint
The secondary endpoint was the length of hospital stay.

Study Screening

Duplicate citations were eliminated before loading all
indicated sources into Endnote X9. Then, two impartial
reviewers evaluated the titles and abstracts based on
the review’s inclusion criteria. Two independent expert
reviewers thoroughly examined the entire texts of the
chosen eligible studies, and if they did not match the
inclusion criteria, the experts would exclude them. Then,
the third reviewer or discussion was used to settle any
disputes among the reviewers.

Extraction of Data

Two reviewers independently selected the qualified papers
and extracted the data from them using the modified
standard JBI data extraction tool. Any differences were
resolved by consensus between the two reviewers or
discussion with the third reviewer.

Evaluation of Methodological Quality

The critical evaluation of eligible research was conducted
at the study level by two independent reviewers using
standardized critical appraisal instruments from
the Joanna Briggs Institute. Further, discussion or
conversation with the third reviewer was used to settle
any disputes between the reviewers. Studies would be
classified as being of good or moderate quality if they
had a score of 50% or above on the evaluation questions
(found at https://jbi.global/critical-appraisal-tools), as

[Supplementary Concept])) OR (montelukast [Text depicted in Table 1.

Table 1. Methodological quality of the included studies

Study* Qi1 Q2 Q3 Q4 Q5 Q6 Q7 Qs Q9 Q10 Q11 Q12 Qi3
Mohamed Hussein et al'” Yes Yes Yes Yes Yes Yes Yes Yes Yes
Khan et al?? Retrospective
Kerget et al'® Unclear  Unclear Yes Yes No No Yes Yes Yes Yes Yes Yes Yes
Soltani et al*! Unclear  Unclear Yes U No No Yes Yes Yes Yes Yes Yes Yes
Parisi et al* Unclear  Unclear Yes No No No Yes Yes Yes Yes Yes Yes Yes
Norouzi* Yes No No No Yes Yes Yes Yes Yes

May and Gallivan' Retrospective
Lima-Morales et al** Yes Yes Yes Yes Yes Yes Yes Yes Yes

Note. Studies were appraised according to the related JBI critical appraisal checklist provided in https://jbi.global/critical-appraisal-tools.
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Results

The summary of study characteristics included in the
systematic review is shown in Tables 2-4. A total of
118 related reports were recognized after eliminating
duplicates. Of these, 30 references were screened based on
titles and abstracts. After removing unrelated studies, 20
studies were included in the full-text review and evaluated
for appropriateness. Finally, eight studies matched the
inclusion criteria for data extraction (Figure 1). One of

Table 2. The Summary of Study Characteristics Included in Systematic Review

them was a prospective, randomized, controlled, and
single-blinded study, three were open-label randomized
or non-randomized controlled clinical trials, two were
retrospective studies, and two were comparative studies.
A total of 1083 patients infected with COVID-19
infection (999 adults and 84 children) were examined on
the effectiveness of MTL on symptom severity as well as
hospitalization length. Of these, 224 cases received only
MTL with different doses of 5 or 20 mg/d for 10-14 days,

Study Aim Study Design  Population Sample Size Male/Female Mean Age  Covid Diagnosis
Interventional (PCR and/or
To assess the effect of 2-week open-label Recovered cases clinical radiologic
treatment with MTL on both the - with confirmed laboratory) a
t?j?s:;est al? cough severity and cough-related ::nnd_omized COVID-19 witha 426 (135;;247‘5) ?13;;; positive test for
quality of life among patients with a controlled pilot persistent cough ? COVID-19 is not
persistent post-COVID-19 cough. trial P (>8 weeks) a prerequisite for
diagnosis
. Hospitalized Men acco.lmmd
Prospective, for 24 patients
randomized COvID-19 in the control
s To determine the effectiveness of ! patients in )
Kerget et al ) controlled, . A 180 group, 22 in 54.6+15.3
MTL on COVID-19 patients . . the infectious
single-blinded . Group 2, and
diseases .
study department 30 in Group 3
P (P=0.28).
To investigate patient outcomes,
53 consecutive COVID-19 test (34 cases were
(+) cases (ages 3-90) from a well- . R
May and blished. single- . Retrospective  considered Males (55)
y an established, single-center practice ) ; o
. ) single-center mild (64%), 17 53 21/23 and females
Gallivan®™ in Boston, Massachusetts, between R o
March — November 2020, were practice moderate (32%), D
’ o,
treated with levocetirizine and MTL and 2 (4%) severe
in addition to the existing protocols
i) To evaluate whether the addition Children aged
of a nutraceutical (Leucodif®) could Multicenter -6 vears 8
. 2 improve the efficacy of MTL or ICS ! oY
Parisi et al compared to the single treatment; open-label dlggnosed 84 42/42 3.48+1.8
ii) To verify whether a treatment is study m}tzerze;urrent
more effective than the other 8
Patients
hospitalized
Open-label with moderate to
To evaluate the effectiveness of GBT e severe COVID-19 o
Soltani etal’’  alone and in combination with MTL randomized who had a cough 180 101 (56.11%) 56.78
. . controlled . were male (14.48)
for improving cough. clinical trial with a BCSS score
of at least 2 based
on its cough
subscale
COVID-19
To determine if MTL treatment confirmed 15 (50%) in 67 (37-93)
Khan et al2 would reduce the rate of clinical Retrospective  hospitalized 9 BCSS MTL vs. in MTL vs.
deterioration as measured by the analysis patients treated 38 (61.3%) in 59 (46-75)
COVID-19 ordinal scale. with or without the control in control
MTL
18 to
82-year-old
: patients
Norouzi®® To evaluate the therapeutic effects of Eﬁ\f/ilr[ri;dg 20 10 males and 10 (44.7 17 PCR and CT-scan
MTL tablets on COVID-19 patients. . females in men and
patients 41£17.45
years in
women)
To assess the effectiveness of a 226 (47.5%) 14n1 'I'3N(I12?15)
multidrug therapy consisting of Comparative in the TNR4 and 46.2
Lima-Morales  ivermectin, azithromycin, MTL, and effecfiveness Confirmed SARS- 768 group vs. 161 (14.8) i.n
etal* TNR4 therapy to prevent stud CoV2 cases (57.8%) in the COI’T”I rison
hospitalization and death among Y comparison (1 8—20
ambulatory COVID-19 cases group
years)

Note. MTL: Montelukast; COVID-19: Coronavirus disease 2019; PCR: Polymerase chain reaction; ICS: Inhaled corticosteroid; GBT: Gabapentin; BCSS: Breathlessness,
cough, and sputum scale; CT: Computerizes tomography; TNR4: Acetylsalicylic acid; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.
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Table 3. The summary of study characteristics included in systematic review

Mean Numbers

Author Intervention Control Outcomes Other Characteristics of Days Needed
for Improvement
The duration and 367 (86%) were nonsmokers, only 103 (24.1%) received
severity of the the influenza vaccine in the preceding year, 162 (38%) 5414 in
32 patients persistent post- were PCR positive, 115 (26.9%) had comorbidities, in?er;/entiona[
Mohamed received 36 patients COVID-19 cough and 101 (23.7%) required hospital admission. During ve. 1015
Hussein et al'” standard cough received only and a further acute COVID-19, they were treated with antibiotics days in_non—
therapy +MTL (10 cough therapy improvement in the  (86.6%), hydroxychloroquine (26.5%), steroids (44.1%),

mg/d for 14 days)

quality of life at day
0 and day 14 of the
intervention

interventional

; o R ) N
anticoagulants (48.5%), and vitamins and zinc (100%). group (P<0.01)

The mean duration of recovery was 65+ 18 (14-120)
days.

Kerget et al'®

Group 2 (n=60)
received 10
mg/d oral MTL
in addition

to standard
treatment, and

60 pts with
standard treatment
in accordance
with national

The primary
outcome: Progression
to ARDS and MAS
during follow-up;

The mean ages in the control group and groups 2 and

3 were 54.8+14.8, 54.2+16.5, and 52.8+14.3 years,
respectively, with no statistically significant difference
between the groups (P=0.7). Comorbidities were present
in 24 patients in the control group, 28 patients in group
2, and 26 patients in group 3 (P=0.16). Hypertension
was observed in 20 patients in the control group, 20

group 3 n=60) COVID-19 Secondary (‘)utéome: patients in group 2, and 14 patients in group 3 (P=0.15),
received 20 . . Lung capacity in S . ; .
diagnosis and . while diabetes was present in 11 patients in the control
mg/d oral MTL . pulmonary function . ) . .
. . treatment guide . group, 12 patients in group 2, and 11 patients in group
in addition testing ) .
3 (P=0.45). Two patients in group 3 had coronary artery
to standard . L
disease, one patient in each group had asthma, and one
treatment. o S
patient in group 2 had a psychiatric disease.
Several patients presented with significant comorbidities
(obesity: n=22, 41%; diabetes: n=10, 19%; and
May and hypertension: n=24, 45%). During the illness 66% had
Gallivan™ a fever (n=35;>100.4 <F, 38°C), 50% had a headache
(n=25/50), and 29% had a loss of the sense of smell/taste
(n=15/52).
At baseline and after
i) 22 pts MTL; one, two, and three
i) 24 pts months of treatment
Parisi etal*®  MTL+Leucodif; 18 pts ICS using the TRACK
. treatment
iv) 20 pts score for both the
ICS +leucodif. caregiver and the
physician
G1: 76 pts GBT/5 The severity of the
days and G2: 33 pts cough was evaluated
Soltani et al*! Y ' dextromethorphan ugh was evalu
51 pts GBT/ (DXM)/5days using the BCSS scale
MTL/5days 4 and VAS
Any increase in
30 who received . the ordinal scale
62 patients who
Khan et al* MTL at the did not receive value from day
discretion of the MTL 1 to day 3 of the
treating physician ' hospital stay (clinical
deterioration)
The frequency of respiratory distress, cough, abdominal
Norouzi®® MTL (10 mg) cramps/diarrhea, fever, and odor disorder clinical signs

tablet for 10 days.

amongst the examined patients were 85%, 90%, 20%,
70%, and 65%, respectively

Lima-Morales
et al**

481 cases
received the
TNR4 therapy

287 received
another treatment
(comparison group).

Recovery within 14 days after the onset of symptoms:
OR: 3.4 (2.38-4.96; P=0.000) compared to the
comparison group

Note. MTL: Montelukast; COVID-19: Coronavirus disease 2019; PCR: Polymerase chain reaction; Polymerase Chain Reaction; ARDS: Acute respiratory distress
syndrome; MAS: Macrophage activation syndrome; ICS: Inhaled corticosteroid; TRACK: Test for respiratory and asthma control in kids; BCSS: Breathlessness,
cough, and sputum scale; VAS: Visual analog scale; TNR4: Acetylsalicylic acid; OR: Odds ratio.

while 556 patients received it in combination with other
medications, including gabapentin (GPT), Leucodif or
ivermectin, azithromycin, MTL, and acetylsalicylic acid.
The remained cases received standard treatment and
were considered the control group. Most of the cases were
male in the included studies. The results of the mentioned
studies revealed a low risk of clinical deterioration in the
MTL group. In addition, the length of hospital stay was
low in the treatment group compared to the standard
management group.

Description of Studies

In the open-label non-randomized controlled pilot study
on 68 cases with post-COVID-19 persistent cough (>8
weeks), the intervention group included 32 patients who
received standard cough therapy and MTL (10 mg/d) for
14 days, and 36 patients in the control group received
only cough sedatives.” In the studied groups, the CT
chest and polymerase chain reaction (PCR) findings were
unremarkable. The ratio of male/female was 36/64%, and
their mean age was 43 + 12 (19-73) years old. During acute
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Table 4. The summary of study characteristics included in systematic review

The Length of Hospitalization in Days

Clinical Deterioration (Any

Escalation in Ordinal Scale
Hospitalization

Study Value Day 1 to Day 3) Rate Death Outcome
MTL Therapy i:z:g:;d MTL Therapy
There was a
considerable
improvement in
the number of
aroxysms/days in
Mohamed Fhe inzlerventicz/nal
Hussein et 7 (4-10.5) 8 (6-12)
a7 group (P< O._OU,
cough severity VAS
(P<0.001), cough
severity index
(P<0.01), and cough
quality of life (P<0.01).
MTL is known to have
both anti-inflammatory and
bronchodilatory activity and
is reported to be safe even
at high doses. Its use as an
adjunct therapy may prevent
the development of MAS in
COVID-19 patients due to
. its anti-inflammatory effects,
Kerget et al'® g;ii; :E ;8 :g/ 11+£5.3 while its bronchodilator
T 5 effect at high doses may help
minimize respiratory failure
in these patients and reduce
their length of hospital stay. On
Day 5 of the treatment, only
Group 3 showed significant
improvement in FEV1, FVC, and
PEF25-75 values compared with
admission (P=0.001 for all).
Fifty-one of 53 patients
received a clinical cure
on therapy with the
May and restoration of their overall
Gallivan' status to a pre-infection
baseline within two weeks.
No patient progressed to
intubation or death.
All four treatments resulted
in a significant reduction
Parisi et al*® in symptoms with no
differences among the
various groups
GPT, both alone and in
combination with MTL,
improved cough frequency
and severity in hospitalized
patients with COVID-19, with
the combination being more
efficacious. This regimen may
. 10 (7) in GPT, 8 (3) in be useful in patients who cannot
Soltani etal* GPT/MTL, respectively 9 (5) and tolerate opiofi)ds. BCSS [mean
(SD)]: Change from baseline:
1.47 (0.81) in GPT, 1.96 (0.69)
in GPT/MTL, and 2.89 (0.32) in
DXM; VAS [mean (SD)] change
from baseline: 1.43 (1.13) in
GPT, 1.80 (1.11) in GPT/MTL,
and 2.37 (0.82) in DXM
Patients receiving
MTL experienced
significantly fewer
events of clinical
Khan et al?? 3.(10) 20 (32.2) deterioration

compared with
patients not
receiving MTL
(10% vs. 32%,
P=0.022).
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Table 4. Continued

Clinical Deterioration (Any

The Length of Hospitalization in Days Escalation in Ordinal Scale

Hospitalization

Death

Outcome

Study Value Day 1 to Day 3)

Standard

MTL Therapy Therapy

MTL Therapy

Rate

All patients who
received 10 days of oral
administration of MTL
tablets (10 mg) recovered
from the COVID-19
disease. Additionally,

all of the clinical signs
of COVID-19 patients,
including respiratory

Norouzi distress, cough, and
odor disorder gradually
disappeared. Our
findings revealed that
the widespread oral
administration of MTL
tablets (10 mg) is a
potential treatment for
COVID-19 disease.
Nearly 85% of cases
who received the TNR4
recovered within 14
days compared to 59%
3.1% (n=15/481) Icrl)::Sarison group. The
Hospitalization within 9.1% (n=44/481) ;nBtI;S/T(:f‘;;/SZ'BD likelihood of recovery
. 14 days after the onset in the TNR4 P within 14 days was 3.4
Lima- o in the comparison .
Morales ot of symptoms: OR: 0.25 vs. 31.0% group within 14 times greater among
(0.16-0.38; P=0.000) (n=89/287) in the TNR4
al* days after the onset

compared to the
comparison group.

the comparison group than in the
comparison group.
Patients treated with
TNR4 had a 75% and
81% lower risk of being
hospitalized or death,
respectively, than the
comparison group.

rou of symptoms: OR:
group 0.19 (0.10-0.36;
P=0.000)

Note. MTL: Montelukast; VAS: Visual analog scale; MAS: Macrophage activation syndrome; COVID-19: Coronavirus disease 2019; FEV1: Forced expiratory volume
during the first second, FVC: Forced vital capacity; PEF25: Peak expiratory flow 25-75; GPT: Gabapentin; SD: Standard deviation; DXM: Dextromethorphan; OR:

Odds ratio; TNR4: Acetylsalicylic acid.

COVID-19, patients received treatment by antibiotics
(86.6%), hydroxychloroquine (26.5%), steroids (44.1%),
anticoagulants (48.5%), and vitamins and zinc (100%).
The mean duration of recovery in patients was 65+ 18
(14-120) days.

Following treatment with 10 mg MTL for 14 days,
considerable improvement was observed in the number
of paroxysms/days in the interventional group (P<0.01),
cough severity index (P<0.01), cough quality of life
(P<0.01), and visual analog scale (VAS) for cough severity
(P<0.001). Furthermore, the mean number of days for
complete improvement was 5+ 1.4 in the interventional
group, while it was 10+ 1.5 days in the noninterventional
group (P<0.01). Moreover, side effects were observed in
18.7% of cases (17).

In the study by Kerget et al,’ 180 participants were
monitored and divided into three groups. Group 1 received
standard treatment, and groups 2 and 3 underwent
standard treatment and 10 mg/d oral or 20 mg/d MTL.
Laboratory parameters on day 5 of treatment indicated a
significant reduction in D-dimer, lactate dehydrogenase,
fibrinogen, procalcitonin, and C-reactive protein levels

in groups 2 and 3 compared to group 1. In addition, a
comparison between groups 2 and 3 showed a significantly
lower rate of fibrinogen level in group 3 (P=0.02).
Logistic regression analysis also reported a significant
positive change in fibrinogen and peak expiratory flow
25-75 (PEF25-75) levels only in group 3 (P=0.05, 0.001).
However, on day 5 of treatment, only group 3 exhibited
significant improvement in forced expiratory volume
during the first second, forced vital capacity, and PEF25-
75 values compared with admission (P=0.001) for all.
In terms of COVID-19 severity, a significantly lower
rate of progression to macrophage activation syndrome
and respiratory failure was observed in groups 2 and 3
compared to group 1 (P=0.001). Moreover, mortality
was observed only in group 1 with four patients (6.7%),
and the length of hospital stay was significantly lower in
groups 2 and 3 than in group 1 (P=0.03).

May and Gallivan” investigated the effect of
combination therapy with levocetirizine and MTL on
treating COVID-19. For this purpose, 53 cases with
positive COVID-19 tests (ages 3-90) from a single-center
practice in Boston, Massachusetts, were enrolled in the
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[ Identification of studies via databases and registers ]
)
c
-§, Records removed before
© . - o
[3] Records identified from screening:
£ Databases (n =497) Duplicate records removed
5 (n=57)
3
—
A4
)
Records screened Records excluded**
—>
(n =440) (n =362)
A4
Reports sought for retrieval Reports not retrieved
—
ol (n=78) (n =50)
=
[
5
) A4
Reports assessed for eligibility
(n=28) Reports excluded:
Review study (n=15)
Protocol of RCT (n=6)
Not related data (n=7)
—

Studies included in review (n= 8)
Reports of included studies (n= 8)

Figure 1. The flowchart of searching and selecting the final studies (16)

study during March-November 2020. They received
combination therapy in addition to the existing protocols.
The patientsinclude 32 females (meanage 51) and 21 males
(mean age 55). Thirty-four patients (64%) were considered
mild, 17 (32%) moderate, and 2 (4%) severe. Remdesivir
was also administered to the two severe hospital cases. No
patient underwent intubation, and the number of deaths
was zero. Further, co-existing morbidities (e.g., obesity,
hypertension, and diabetes) were observed in most
allergy and asthma patients; however, nobody recovered
well from the virus. In addition, early therapy, mainly in
younger cases, increased the clinical response with the
highest resolution of both fever and headache during
the first 48 hours after the initiation of the treatment.
The overall analysis demonstrated an improvement in
the patients who received combination therapy with
levocetirizine and MTL compared to patients who only
received the existing protocols or were left untreated.
In most patients that received combination therapy, a
resolution was observed within seven days, while it lasted
for 10-14 days in other untreated patients.

Parisi et al® performed a multicentral randomized
controlled trial on 84 children with a mean age of 3.48 +1.8
years. They divided patients into four groups: 18 patients
received inhaled corticosteroid (ICS) (beclomethasone
dipropionate 100 pg x 2 given through a spacer device)

therapy, 24 patients received MTL (4 or 5 mg/d according
to child’s age), 22 patients received ICS+ Leucodif (one
capsule/day for 14 days/month for three months), and
20 patients received MTL + Leucodif. All patient groups
received therapeutic regimens for three months. A clinical
check was expected with the administration of the test
for respiratory and asthma control in kids (TRACK) for
children at four different times. The results indicated that
all four treatments reduced the symptoms significantly
with no differences among the groups. They concluded
that MTL therapy has an equal effect on ICS therapy.

An open-label randomized controlled clinical trial was
conducted by Soltani et al* at Al-Zahra hospital of Isfahan,
Iran, during April-May 2020. Of 180 patients, 76 patients
were in the GPT group (300-mg oral capsules of GPT
every 8 hours), 51 in MTL/GPT (300-mg oral capsules of
GPT every 8 hours and 10-mg oral tablets of MTL every
evening) for 5 days, and 53 in dextromethorphan (DXM)
group (30 mg oral syrup of DXM every 8 hours) for 5
days. Regarding breathlessness, cough, and sputum scale
and VAS scores in all groups, a significant reduction was
observed in baseline values (P <0.0001), while the change
rate was significantly higher in the DXM group. The
reduction level in breathlessness, cough, and sputum scale
in the GPT/MTL group was significantly higher than that
in the GPT group, but there was no significant difference
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in the VAS score of these two groups. Moreover, the GPT/
MTL group showed shorter hospitalization duration, and
a significant difference was observed between the GPT
and GPT/MTL groups (P<0.0001).

Khan et al?? performed a retrospective study at Robert
Wood Johnson University Hospital in New Brunswick.
From late March to early April 2020, upon admission,
patientsreceived MTL at the authorization of the treatment
provider. Two patient groups were identified: 30 patients
who received MTL and 62 patients as the control group
that did not receive MTL. Three days have passed since all
patients’ hospitalization. MTL treatment was started on
day 1 of hospitalization with the current standard dose of
10 mg orally once a day with no previous therapy with
MTL. The control patients were selected from confirmed
COVID-19 patients who survived up to at least the fourth
day of admission. Patients who took an ordinal scale score
of three or higher indicated the need for hospitalization
enrolled in the study. A more significant proportion of
the MTL-received patients had asthma (36.7% vs. 6.5%,
P=0.0005) and received a lower rate of azithromycin
compared to the control group (13% vs. 40%, P=0.009).
Lower baseline lactate dehydrogenase was observed in
the MTL group (median 344.5 vs. 439, P=0.04). Patients
who received MTL experienced significantly less clinical
deterioration (10% vs. 32.2%, P=0.022), including any
escalation in the ordinal scale value from day 1 to day 3.
Further, based on univariate logistic regression, the risk
of clinical deterioration was low in the MTL group (odds
ratio [OR]=0.23, P=0.029, confidence interval=0.063—
0.86). Following multivariable logistic regression and
accounting for age>60 (binary), a slight association was
observed between receiving MTL and a lower risk of
clinical deterioration (OR=0.28, P=0.058, confidence
interval=0.072-1.04). In addition, sensitivity analysis
indicated fewer clinical deterioration events among
patients without asthma that received MTL (11% vs. 33%,
P=0.077). Furthermore, a reduction was found in the
clinical deterioration events by sensitivity analysis among
patients who did not receive azithromycin (8% vs. 32%,
P=0.030). Overall, this study indicated that treatment by
MTL in hospitalized COVID-19 patients leads to fewer
events of clinical deterioration, as demonstrated by the
COVID-19 ordinal scale.

Another study was performed by Norouzi® to evaluate
the MTL treatment in patients diagnosed with the
COVID-19 virus. For this purpose, a total of 20 male and
female patients (male=10 and female=10) aged 18-82
years were enrolled in the study. In addition to the clinical
signs of diseases, the patients were confirmed by both
positive outcomes of real-time PCR and CT scan. Patients
with progressive and autoimmune diseases who used
other SARS-CoV-2 therapeutic options and died during
the study were excluded from the research. Following
the confirmation of patients by CT scan and reverse
transcription real-time PCR, the oral administration
of MTL tablets (10 mg) was applied for about 10 days.

Patients received two MTL tablets on the first day of
research and continued with one tablet from days 2 to 10
of the study. Furthermore, all patients received routine
care for COVID-19.

CT-scan images showed the multi-lobar and bilateral
ground-glass opacities in both lungs. However, all lobes
were affected, but the highest frequency was observed in
mid to lower lungs and peripheral subpleural distribution.
The mean age of males and females was 44.7+17 and
41+17.45 years, respectively. Respiratory distress, fever,
cough, abdominal cramps/diarrhea, and odor disorders
distribution among patients were 85%, 70%, 90%, 20%,
and 65%, respectively. Any case with progressive and
autoimmune diseases or deaths was reported in the
study. The findings of this research revealed a gradual
improvement in clinical signs of COVID-19 in patients
such as respiratory distress, cough, and odor disorders.
Following the MTL administration, the first clinical
signs that disappeared were cough and respiratory
distress. Nevertheless, signs such as cramps and diarrhea
continued for about a few days after the study experiment.
Patients’ odor appeared about one to two days after the
end of the study period. Moreover, no detectable side
effects were reported after ten days of oral administration
of MTL tablets.

Lima-Morales et al* conducted a comparative study
on patients with laboratory-confirmed SARS-CoV-2
virus at the Ministry of Health of Tlaxcala. In the time
interval between May 11 to September 9, 2020, from 6798
laboratory-confirmed COVID-19 cases, 1147 eligible
ambulatory patients with mild or moderate symptoms
of COVID-19 infection were invited to participate in the
study. After excluding the patients under 18 or over 80
years (n=44), those who refused to participate (n=251)
and those who took treatment on the same day or the
previous day were hospitalized or died (n=84). Finally,
768 COVID-19 patients were enrolled in the study, 481
were accepted to receive the acetylsalicylic acid (TNR4)
therapy, and 287 patients received another treatment
(comparison group). All participants completed a
questionnaire, and follow-ups were made by phone calls
or visits at home during 14 days of clinical evaluation.
The TNR4 multidrug therapy contains four drugs used
for patients with mild or moderate symptoms, which are
all administrated orally, including MTL (60 mg on the
first day and continued by 10 mg between days 2-21),
ivermectin (12 mg single dose), azithromycin (500 mg for
four days), and acetylsalicylic acid (100 mg for 30 days).

Participants in the TNR4 group were 10.3% less likely
to be male, exhibited a 7.1% lower prevalence of different
comorbidity, were 4.9 years younger than the comparison
group, and were 8.4% more likely to be health workers
(P<0.050 in all cases). Moreover, a significantly high
percentage of recovered patients by day 14 (84.4%) was
observed in the TNR4 group compared to the comparison
group (58.9%). Furthermore, in the TNR4 group a higher
percentage of fully recovered patients after 14 days was
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reported in comparison to other treatment strategies in
the following sub-groups: older participants with the age
0f49-80 years (TNR4 76.4% vs. comparison group 45.4%),
patients with various comorbidities (TNR4 74.6% vs.
comparison group 41.2%), health workers (TNR4 86.5%
vs. comparison group 60.5%), and male gender (TNR4
85.4% vs. comparison group 57.8%) with P<0.001 in all
groups. Hospitalization among patients who received
TNR4 therapy revealed a significantly lower percentage
than the comparison group (in all sub-groups, P<0.010).
Further, the rate of dead participants in the TNR4 group
was markedly lower than that in the comparison group
for all sub-groups (P<0.027 in all groups).

Regarding the study sub-groups, the findings showed
the same result: a 3.5 times higher likelihood of recovery
in participants with different comorbidities, a 3.0- and 4.0-
fold greater possibility of complete recovery in the young
and old age group, and a 3.9 and 1.9 higher probability of
recovery in both males and health workers (P<0.005 in
all groups except for the health workers” group). Among
the study participants, hospitalization risk in the TNR4-
treated patients was 75% lower than that in the comparison
group (OR: 0.25). Additionally, lower hospitalization risk
was observed in patients with comorbidities (76%, OR:
0.24), younger patients (77%, OR: 0.23), older patients
(68%, OR: 0.32), males, and health workers.

Patients with comorbidities exhibited a 76% lower
risk of hospitalization (OR: 0.24), and a lower risk was
observed in younger (77%, OR: 0.23) and older (68%,
OR: 0.32) participants as well as in males (76%, OR:
0.24) and health workers (66%, OR: 0.34) compared to
the comparison group (P<0.000 in all groups, with the
exception in the health workers group).

Moreover, participants who received TNR4 reported an
81% lower risk of death among the whole study population
(OR: 0.19). In addition, a lower risk of dying was reported
in patients with comorbidities (78%, OR: 0.22), middle-
aged patients (94%, OR: 0.06), older patients (78%,
OR: 0.22), and males (82%, OR: 0.18) compared to the
comparison group (P<0.008 in all groups).

Of 481 COVID-19 patients treated with TNR4, 90.3%
received all four drugs, 8.3% received three drugs, and
1.4% received only one medication. The 354 participants
who took four TNR4 medications showed some common
undesirable side effects, but most patients did not
experience side effects from any of the four drugs. The
most frequently reported adverse effects in the patients
who received combination therapy were gastrointestinal
disorders such as vomiting, abdominal pain, diarrhea,
nausea, and constipation (5.9%), headache symptoms and
dizziness (3.1%), fatigue, confusion, and asthenia (1.4%),
and urticarial and itchy feeling (0.9%).

Most patients treated with TNR4 medications did not
undergo any other treatments (89.8%). In comparison,
2.71% of this population used non-steroidal anti-
inflammatory drugs (NSAIDs), 1.90% took therapy to
treat cold and flu signs, 0.9% received antibiotics, and

0.74% used antivirals. Of COVID-19 patients with no
TNR4 treatment, 19% did not receive any medications,
61.4% received NSAIDs, 14.4% used combined antibiotics
with NSAIDs or corticosteroids, and 5.2% received
antiviral drugs accompanied by NSAIDs or different
corticosteroids. The findings of this study indicated that
TNR4 multidrug therapy can be effective in the recovery
of patients and decrease the risk of severe disease amongst
ambulatory cases of COVID-19. Supplementary File 1
represents the other included study outcomes.

Discussion
The COVID-19 pandemic is an outstanding devastating
disease, and there has not been any specific therapy
approved to control the clinical symptoms of the disease
up to now. LTs may be involved in the pathology of the
aberrant immune response against SARS-CoV-2. The
inhibition of LT pathways may be a probable target in
the treatment of COVID-19.” This study systematically
reviewed the probable therapeutic potential benefits
of using MTL to manage COVID-19 pathophysiology.
MTL has revealed anti-inflammatory effects, antioxidant
properties, decreased cytokine production, and improved
lung complications. Indeed, MTL with these properties
may limit the progression of the COVID-19 infection.
MTL as a CysLTR antagonist has had clinical
applications for asthma for more than two decades.”®”
MTL has been revealed to decrease both cytokine release
and lung inflammation in preclinical models of viral
influenza and ARDS.* In a preclinical study by Cardani
et al,” leukotriene receptor antagonists inhibited the
development of fatal influenza pneumonia in mice with
influenza infection. A retrospective observational study
indicated a statistically substantial decrease in confirmed
COVID-19 patients amongst the elderly asthmatic
patients treated with MTL.** Moreover, it has been
hypothesized that MTL could limit the progression of
the disease for COVID-19-positive cases, particularly in
patients with central obesity and metabolic syndrome.*
Based on the results of a study by Khan et al, no differences
were observed in inflammatory laboratory values such
as C-reactive protein, D-dimer, and ferritin between
MTL versus non-MTL patients. Moreover, no difference
was found in the length of hospitalization between the
two groups.”? TNR4 is a multidrug therapy (ivermectin,
azithromycin, MTL, and ASA) for COVID-19 cases.*
TNR4 significantly increased the likelihood of full recovery
3.4 times within 14 days after the onset of symptoms
and decreased the risk of hospitalization by 75% or
death by 81% among ambulatory cases of COVID-19.*
Ten properties of MTL will be possibly found as many
synergistic and potentiating therapeutic prospects in
COVID-19, including antiviral properties, the inhibition
of endotheliitis, the inhibition of neurological disorders
related to SARS-CoV-2, improvement of atherogenic
vascular inflammation, limitation of the ischemia/
reperfusion phenomenon, amelioration of respiratory
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symptoms, limitation of the cytokine storm, alleviation of
ARDS, antioxidant properties, and anti-fibrosis effects.*
This review study has some limitations. The findings of
this study may not be generalizable since heterogeneous
studies with different sample sizes, dosages, or duration
of treatment with different control arms were included.

Conclusion

MTL could have a clinical likelihood to control lung
pathology during COVID-19. MTL administration in
hospitalized patients with confirmed COVID-19 infection
revealed anti-inflammatory effects, suppressed oxidative
stress, decreased cytokine production, and limited the
progression of the disease on COVID-19 infection.
Hence, the use of MTL as a therapeutic approach could
decrease the severity and mortality of COVID-19.
Our study suggests that additional research is needed
regarding the role of MTL in SARS-CoV-2 prevention
or COVID-19 amelioration. We hope that these studies
possibly will support the development of novel therapeutic
opportunities for the treatment of COVID-19.
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